Recent studies have shown a strong association between indices of inflammation and metabolic Syndrome. Proinflammatory mediators like tumor necrosis factor-a may act as a trigger for insulin insensitivity. Therefore. patients with tnetabolic Syndrome might be at higher risk of insulin resistance when confronted with additional Stimuli of the immune system. These Stimuli are not restricted to thc presence of pathogens but include environmental factors like physical exercise and hypoxemia as well. With respect to these interdependencies, one may assume higher risk for patients with metabolic Syndrome who perform physical exercise in alpine regions. We investigated the effects of a 3-weeks holiday with moderate sporting activities at moderate altitude (1700 m) on the conceiitrations of neopterin, tumor necrosis factor-a, serum soluble 75kD type TNF receptor (sTNF-R75), and interleukin-6 in vacationers with metabolic Syndrome. Only serum neopterin and sTNF-R75 concentrations transiently increased during the stay at moderate altitude compared to pre-altitude levels (P<0.05). Interestingly, after return to 500 m sea-level neopterin concentrations dropped beyond baseline concentrations (p<0.05). However, the variations in neopterin concentrations might not be of clinical relevance since they did not exceed the threshold indicating significant activation of the cellular immune system. We conclude that a 3-week sojourn at moderate altitude including individually adapted physical exercise does not represent accumulated risk factors in subjects with metabolic Syndrome.
Introduction
increased activity of the immune system (e.g. rheumatoid arthritis, arteriosclerosis, diabetes mellitus), the Production and release of pro-inflammatory mediaproduction of pro-inflammatory mediators in excestors (e.g. tumor necrosis factor-a, TNF-a, interleukinsive amounts might contribute to thc progression of the I ß, IL-1 ß, interleukin-6, IL-6) are prerequisites for the disease. fast response of the body to infection or trauma. These
In recent studies, a link between activation of thc agonists trigger, among other effects, the production of immune system and the complex disorder called metareactive oxygen species, the activation ofB and T lymbolic Syndrome (onset of hypertension, hyperlipiphocytes as well as their continuous support by elevademia, obesity, diabetes mellitus and/or coronary heart tion of blood lipids, gluconeogenesis, and decreased disease) has been proposed. Correlations between insulin sensitivity. However, in the course of inflammarkers of the immune system, body fat distribution, matory disease or chronic disorders associated with and insulin sensitivity have been reported (1-3).
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Although a systemic increase of the concentrations of distincl pro-inflammatory agonists is still discussed controversially, it might be concluded that the continuous local production of those substances by visceral adiposc tissue and/or skeletal muscle lissue promotes low-grade chronic inflammation and insulin-insensitivity, thereby augmenling the deleterious processes of metabolic Syndrome. Apart from the mechanisms described above, the immune system is influenced by a wide ränge of other physical, environmental, psychological, and behavioral Factors. Thus, activation of the immune system has been shown to be induced by physical exercise (4) (5) (6) . Hypoxemia (as a result of hypobaric hypoxia) is a triggcr for the release of proinflammatory cytokines as well (7) (8) . Every year, some 40 million tourists spend their holidays in the Alps, mostly residing at altitudes between 1500 and 2500 m above sea-level (9) . Since metabolic Syndrome affects approximately 20-30% of the middle-aged population (10), it can be assumed that a large number of these tourists suffer from this disorder. With respect to the interdependencies mentioned above, one may speculate on the increased risk for patients with metabolic Syndrome who decide to spend a hiking holiday in an alpine region.
To gain further insight into these safety aspects, the aim of the present study was to investigate the effects of a 3-week holiday at moderate altitude including moderate sporting activities (e.g. mountain hiking) on the concentrations of the pro-inflammatory markers and mediators neopterin, IL-6, TNF-a and serum soluble 75kD type TNF receptor {sTNF-R75) in persons suffering from metabolic Syndrome.
Materials and Methods

Design of the study
In response to an advertisement about our project, 22 male subjects (see Tab. I for anthropometric data and baseline metabolic profile) with metabolic Syndrome (hypertension, hyperlipidemia, obesity, diabetes mellitus and/or coronary heart disease) could be included in the study. Considering medication: four patients were treated with oral antidiabetics, nine with antihypertensive drugs (six with ACE Inhibitors, 3 with beta-blocking agents), nine with aspirin, six with allopurinol, and a total of nine patients with statins. All participants were living in Tyrol at altitudes between 500 and 900 m above sea-level. The study was approved by the local Ethics Committee (LeopoldFranzens-University, Innsbruck, Austia), and all participants gave their written informed consent.
The study was performed between August and November. Baseline investigations (B) were done at the end of August in Innsbruck, 1 -2 weeks before the moderate altitude sojourn. All patients were subjected to a bout of symptom-Iimited sitting cycle ergometry (Ergoline, Germany) at increasing increments of 25 W every 2 min with a preceding 5 min effortless warmup. Heart rate, blood pressure, and ECG were recorded continuously. For experiments at moderate altitude, participants were brought by bus to 1700 m above sealevel to Oberlech, Austria. Barometric and oxygen partial pressure ranged between 815-836 kPa (611-627 mm Hg), and 170-175 kPa (127-131 mm Hg), respectively. Volunteers remained at 1700 m for a total of 3 weeks performing moderate HR-controlIed sporting activities like mountain hiking (between 1500 and 2500 m; 4-5 times the week, each hike 2-5 hrs), and swimming in an indoor pool. Fluid and food intake were ad libidum. Total caloric intake as analyzed by retrospective questionnaires averaged 7950 kJ/d (1900 kcal/d). Düring the stay at moderate altitude, four furthers examinations were performed on day 1 (AI), day 4 (A2), day 9 (A3), and day 19 (A4). Following return to Innsbruck, the participants underwent post-altitude examinations after 7-10 days (Rl), and after 6-7 weeks (R2). After an overnight fasting period, blood samples were collected from an antecubital vein without stasis in the morning between 8:00 and 9:00 a.m.
Biochemical analyses of imnmnological niarkers
TNF-a, sTNF-R75, and IL-6 were measured with commercially available ELISA test kits according to the manufacturer's Instructions (R&D Systems, Minneapolis, MN; USA). Serum neopterin was analyzed by radioimmunoassay (BRAHMS Diagnostica, Berlin, Germany).
Statistical analyses
The time-dependency of the parameters measured was analyzed using the Manova test for repeated measurements followed by a Wilcoxon test for unpaired observations. Data are given as median with the 25"' and the 75"' percentile. P<0.()5 was considered to be significant.
Results
All volunteers tolerated the 3-week sojourn at moderate altitude without any problems. Serum neopterin concentrations were significantly increased on day 4 (7.3, 5.6-8.2 ng/ml; p<0.05) as well as day 19 (7.2, 5.8-8.6 ng/ml; p<0.05) at moderate altitude as compared to baseline levels (6.6, 5.4-7.4 ng/ml). In contrast, postaltitude examination after 7-10 days following return Fig. 1 ). TNF-a conccntrations at study onset were 28.5 pg/m!( 1 8.0-35.0) and remained unchanged during altitude exposure with the highest value being 32.0 (23.0-36.0 pg/ml) on day 4. Similarly, no significant diffcrcnces could be detected between baseline TNF-a and cytokine levels at study completion (Fig. 2) .
In congruence with TNF-a, sTNF-R75 levels did not change during the entirc study. Baseline median for sTNF-R75 was 1.2 ng/ml (1.0-1.2) remaining almost constant until the end of the study (1.2, 1.1-1.3 ng/ml, Fig. 3 ) with the exception of an increase at day 4 (p<0.05).
IL-6 plasma concentrations were initially 6.3 pg/ml (5.1-8.6) and did not vary during the stay at moderate altitude as well as in the post-altitude examination period (Fig. 4) .
Discussion
Residing at moderate altitudes in combination with moderate sporting activities has been shown to affect a number of cardiovascular and metabolic parameters in patients with metabolic Syndrome. Previous publications of data derived from the AMAS study reported favorable effects to a 3-week exposure to 1700 m on body mass, blood pressure, heart rate, Insulin resistance and glucose tolerance (11, 12) . Among the mediators chosen for the present study to represent an activated immune system in patients with metabolic Syndrome, only neopterin and sTNF-R75 showed a slight but transient increase on days 4 and/or 9 at moderate altitude as compared to baseline levels. Following relocation to Innsbruck, neopterin concentrations were found to drop to pre-altitude concentrations.
Since neopterin is produced and released by macrophages upon Stimulation with IFN-y, these observations suggest macrophage activation during moderate altitude stay in combination with physical exercise. In v//ro-studies provide evidence that neopterin is not only a marker reflecting an activated cellular immune system, but exerts distinct biochemical effects characterizing it as a pro-inflammatory mediator (13) . In this context, an increase in serum neopterin concentration at moderate altitude may serve as an indicator for additional Stimulation of the immune system in patients with metabolic Syndrome. Comparable results have been reported by Tiiz et al. (14) who found a transient increase in serum neopterin, TNF-a, and sTNF-R75 concentrations in healthy volunteers during an alpine tour (2350 m above sea-level) as well as Schobcrsberger et al. (2000) who reported augmented neopterin concentrations in ultramarathon runners after the race. In addition, the neopterin-stimulating effect of prolonged exercise has been confirmed by Sprenger et al. (15) and by Dufaux and Order (16) in long-distance runners. However, it has to be noted that the degree of change in neopterin concentrations found in these studies as well as in ours was much lower than can usually being observed in patients with infectious diseases. Morcover, serum levels of neopterin never exceeded the normal ränge set to differentiate between healthy individuals and those with an infectious background, i.e. 10 ng neopterin/ml serum. Also the ränge of neopterin concentrations observed in patients with cardiovascular risk or with insulin resistance are within or only slightly above the upper limit of the normal ränge (2) .
In agreement with the data of Tilz et al., only neopterin and sTNF-R75 but none of the other indicators of immune system activation observed in our investigation was altered during the stay at moderate altitude. TNF-a is usually produced in higher amounts in response to inflammatory stress accompanied by augmented release of the extracellular domain of TNF-a receptors, most likely representing a feedback mechanism to reduce biological activity of the circulating cytokine. This might be of special importance with respect to the pathogenetic events leading to metabolic Syndrome, since TNF-OC generated by adipose and muscle tissuc is regarded to be a potent mediator of insulin resistance via phosphorylation of insulin receptor substrate 1 (17) (18) (19) Taken together, we could not find drastic increases of serum concentrations of immune system markers/mediators in persons with metabolic Syndrome during a prolonged stay at moderate altitude including individually adjusted sporting activities. A significant but still moderate increase of serum neopterin concentrations was followed by a decline even beyond baseline after descend to 500 m. The latter Observation may indicatc that vacation al higher altitude potentially is able to slow-down immune activation status in the individuals implying beneficial effect of this kind of holiday. However, one has to keep in mind that we did not investigate the effects of exhaustive physical exercise which still remains a critical factor in untrained persons overestimating their physical capabilities. Augmented blood levels of immunological markers are a common finding during and after long-term strenuous exercise, where, due to skeletal muscle injury, infiammatory processes are induced. Although different changes of specific parameters like TNF-a, TNFRl, IL-Iß or IL-6 have been reportcd in the literature, high post-exercise values of one or more of the.se proinflammatory agonists have constantly been reported (4, 12, 20, 21) . Another limitation of the present study is that measurement of systemic parameters does not afways retlect significant changes in a local microenvironment. In fact, increased serum levels of TNF-a or STNF-R75 in patients with metabolic Syndrome is not a general Observation and is still discussed controversially (22) . This is not per se contradictory to the hypothesis classifying TNF-a as a dominant trigger for insulin insensitivity, since locally produced TNF-a derived from adipocytes and/or skeletal muscle tissue might act in an autocrine/paracrine manner. However, from a clinical point of view, measurement of neopterin, TNF-a or sTNF-R75 in serum is still Standard procedure to evaluate the patient's immunological condition. Therefore, we conclude that a transfer to moderate altitude plus individually adapted physical exercise does not result in an accumulation of risk factors for tourists with metabolic Syndrome. The decline of neopterin concentrations beyond baseline after return from high altitude may even indicate beneficial effect of the holidays on the immune activation status.
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